PROGRESS IN NATURAL SCIENCE

The role of different cues in the brain mechanism on
visual spatial attention”

SONG Weiqun', LUO Yuejia>>**, CHI Song’, JI Xunming®, LING Feng®,
ZHAO Lun’, WANG Maobin! and SHI Jiannong’

(1. Department of Rehabilitation, Xuanwu Hospital, Capital University of Medical Science, Beijing 100053, China; 2. State Key Labo-
ratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing 100875, China; 3. School of Psychology, Southwest
University, Chongging 400715, China; 4. Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences,
Beijing 100101, China; 5. Department of Neurology, Affiliated Hospital of Qingdao University, Medical College, Qingdao 266003, Chi-
na; 6. Department of Neurology, Xuanwu Hospital, Capital University of Medical Science, Beijing 100053, China; 7. Institute of Lin-
guistics, Xuzhou Normal University, Xuzhou 221116, China)

Received January 25, 2006; revised February 15, 2006

Abstract The visual spatial attention mechanism in the brain was studied in 16 young subjects through the visual search paradigm
of precue-target by the event-related potential (ERP) technique, with the attentive ranges cued by different scales of Chinese character and
region cues. The results showed that the response time for Chinese character cues was much longer than that for region cues especially for
small region cues. With the exterior interferences, the target stimuli recognition under region cues was much quicker than that under Chi-
nese character cues. Compared with that under region cues, targets under Chinese character cues could lead to increase of the posterior P1,
decrease of the N1 and increase of the P2. 1t should also be noted that the differences between region cues and Chinese character cues were
affected by the interference types. Under exterior interferences, no significant difference was found between region cues and Chinese char-
acter cues; however, it was not the case under the interior interferences. Considering the difference between the exterior interferences and
the interior interferences, we could conclude that with the increase of difficulty in target recognition there was obvious difference in the

consumption of anterior frontal resources by target stimuli under the two kinds of cues.
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In the experiments of spatial cues, there are two
main kinds of cues: central cues, for instance Chinese
character cues and peripheral cues, and peripheral
cues, for instance region cues. The former is thought
to activate the interior attentive system, but the latter
is to activate the exterior attentive system. Generally
speaking, the former evokes slow, controllable and
voluntary attentive distribution, but the latter at-
tracts attention in a rapid, automatic and involuntary
way[l'ﬂ.

However, it has been found that their effects are
not totally independent. Nougier et al. 13) have found
that the auto-orientation effect evoked by peripheral
cues is modulated by the voluntary attentive process-

1.1 pointed

ing evoked by central cues. Warner et a
out that the two kinds of cues could evoke consistent
or similar brain mechanisms though they had different

pathways.

Lu and Dosher'®! found that, compared with
cues which appeared at the same position of targets at

the same time, 100% effective central cues improved
the threshold of high-level exterior interferences but
did not improve the threshold of low-level interior in-
terferences, and peripheral cues improved the thresh-
old of both high-level and low-level exterior interfer-
ences. The finding indicated that exterior and interior
attentive systems could evoke different brain mecha-
nisms: as for the interior attentive system, the exte-
rior interferences were excluded; as for the exterior
attentive system, the exterior interferences were ex-
cluded and the attentions to stimuli strengthened.

Many event-related potential ( ERP) studies
about visual spatial attention found that, under cen-
tral cues, attention and the effectiveness of cues
evoked larger posterior P1 and N1 components,
demonstrating the mechanism of attention improved

[6,7]

perception However, the results of region cues

were different and inconsistent.

With a relatively long * cue-target” interval,
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Hillyard et al.'® found thar under region cues the
early attentive regulation was represented by the en-
larging of N1 but not P1.

Fu et al.!®) reported that effective region cues
could enlarge P1 and N2. Meanwhile, effective cues
would delay the latency of P1 and N1 on the opposite
side. N1 on the opposite side was enlarged under in-
effective cues. And the latency and amplitude of P2
were also modulated by the effectiveness of cues.

The effect of interferences has not been taken in-
to account in previous research. We had previously
found that the interference stimulation significantly
affected the early ERP effects in visual spatial atten-
tion by the Chinese character centre cues!!?™12),
Then what effect would region cue and Chinese char-
acter cue have on the recognition of target stimuli
with interferences? Would such an effect affect early
ERP components evoked by perception and their fea-
tures? This study aimed to answer these questions.

1 Methods
1.1 Subjects

Sixteen healthy participants (8 males and 8 fe-
males, aged 19—24 with an average of 21) attended
the electrophysiological experiment for the first time.
They were right-handed, and had normal or correct-
ed-to-normal vision.

1.2 Stimuli

The stimuli were presented on the computer
screen. A complete trial was “ background-cue-tar-
get”. The background was comprised of three homo-
centric white circles (Fig. 1).

The cues were three Chinese characters: “ X7,
“EFI” “ /J\"
\ )

circles, their visual angle was 8.6°, 5.7°, 2.9°, re-

The region cue was composed of three

spectively.

During the large region cue, the target stimuli
“T” will present in the large circle (8.6°) while the
other two interference stimulations present in the
medium and the small circles in the opposite visual
fields. During the medium region cue, “T” presents
in the medium circle (5.7°) while interferences pre-
sent in the large and the small circles on the opposite
side. During the small region cue, “T” presents in
the small circle (2.9°) while interferences present in
the large and the medium circles on the opposite side.

Fig. 1. Sketch map of the experimental model: Chinese character

cues (upper) and region cues (lower).

1.3 ERP recording

The electroencephalogram (EEG) was recorded
from 64 scalp sites using tin electrodes mounted in an
elastic cap (NeuroScan ERP Work Station), with the
linked reference on the left and right mastoids. The
vertical electrooculogram (EQG) was recorded with
electrodes placed above and below the left eye. All in-
ter-electrode impedance was maintained below 5 k2.
The signals of EEG and EOG were amplified using a
0.1—40 Hz bandpass and continuously sampled at
500 Hz/channel for off-line analysis. ERPs were
averaged over a 500 ms epoch including a 100 ms pres-
timulus baseline. Thals with artifacts (mean voltage ex-
ceeding * 100 V) were excluded from averaging.

1.4 Procedure and task

The stimuli sequences in the experiment included
Chinese characters as cues and region as cues. At first
the background was presented for 300 ms, and then
the cue was presented for 300 ms. Then the target
stimuli, e. g. three circles which were comprised of
24 characters, were presented for 1500 ms. The in-
terval between the cue and target was 400—600 ms
randomly. The tasks of the subjects were to search
the target character “T” within the effect range ap-
pearing in the left or right visual field according to the
cues. If “T” appeared in the left or right visual field,
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they were asked for pressing the left or right button.
The subjects should do this both correctly and quick-
ly. The chance of character “T” appearing in left or
right visual field was equal. And there were 10%
stimuli lack of target stimuli and interferences.

1.5 ERP data analyses and statistics

The analyses of the behavioral data in cue type
(2 levels: Chinese characters cue and region cue) and
region cue type (three levels: large medium small)
were performed using the ANOVA software.

The overlap of early ERP components between
cue and target under the short interval condition was
eliminated using the ADJAR method. The overlap-
ping times ranged from 45 to 68 times with an aver-
age of 55 times. According to the purpose and the
wave features of the grand averages, the following 14
sites were chosen for statistical analysis: POZ, PO3,
PO4, POs5, PO6, PO7, PO8 (7 sites for posterior)
and Fz, F1, F2, F3, F4, F5, F6 (7 sites for anteri-
or). ERPs were analyzed at the posterior scalp at
50—160 ms (P1), 161—220 ms (N1), 221—290
ms (P2), and 291—390 ms (N2). ERPs were ana-
lyzed at the anterior scalp at 90—180 ms (N1),
181—270 ms (P2), 271—370 ms (N2). The de-
scriptive data were presented as “mean + SE”. The
latencies and amplitudes of the ERP components
above were analyzed by three-way repeated measures
analyses of variance (ANOVA). The ANOVA fac-
tors were cue size (3 levels: large, medium and
small) and electrode sites (7 sites each for anterior
and posterior components respectively). The P values
of ANOVA were corrected using the Greenhouse-
Geisser method.

2 Results
2.1 Behavioral data

With the increase of cue ranges, the response
time of target stimuli recognition under Chinese char-
acters attention region and region cues became much
longer (F; s =15.17, p<0.001) under the two

kinds of cues.

The correct ratio of target stimuli recognition
under region cues increased with the increased of
ranges, but the correct ratio of target stimuli recogni-
tion under “X” as cues decreased; the main effects of
the response time under Chinese characters as cues
were significant (F, 3,=13.03, »<0.001); and so
as the region cues (F, ;,=12.15, p<0.001).

Under the three kinds of region cues, the re-
sponse time under Chinese character cues was much
longer than that under region cues especially under
small region cues (longer than 100 ms); however,
the difference in correct ratio was significant merely
under large cues, that is, the correct ratio under Chi-

nese character cues was lower than that under region
cues (Table 1).

Table 1. Behavioral data
Correctness( % ) Response time{ms)
Chinese Region Chinese Region
characters circles characters circles

Small 80.61+10.67 81.32+11.38 777.98 +17.25 671.09 + 18.32
Medium 89.45+8.11 90.54£10.73 829.67+22.64 787.56+31.14
Large 83.72+9.99 93.890+7.42 982.34+25.12 922.33+26.78

2.2 Scale effect of Chinese characters

Anterior N1: There were significant cue range
main effects (F, 50 = 14. 35, » <0.001). Under
small cues, the amplitudes of N1 evoked by target
stimuli were the highest (Fz: —3.91 +0.68 pV),
those under medium cues were lower ( —2.98 +0.47

V), and those under large cues were the lowest
(-2.06%0.54 pV).

Anterior P2: The scale effects were significant
(F, 3=10.28, p<0.01), but their appearance was
different from that without interferences, that is, the
amplitudes of the anterior P2 under small cues and
medjum cues were identical, and both of them were
larger than those under large cues.

Posterior P1: There were main scale effects in
P1 amplitudes ( F, 5 = 11. 67, p <0.001), and
their appearance was similar to that without interfer-
ences. There were also significant main effects in la-
tency (F, 50 =5.97, p<0.05), that is, the latency
under large cues (PO4: 96 = 5.71 ms) was shorter
than that under small cues (108 £6.86 ms) (Fig. 2).

-3uv
Ou)o ms

Fig. 2. General average of ERP obtained by the Chinese character
cues.
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2.3 Scale effect of region cues

There were significant main effects in the ampli-
tudes of ERP components P1 and N1 under region
cues (P1: F, 4 =8.76, p<0.01; N1: F, 5 =
11.16, p<0.001), but the appearance was different
from that under Chinese character cues.

There was no difference in the amplitude of an-
terior N1 under large and small ranges (F; ;5=3.56,
»>0.05), which was larger than that under medium
ranges. However, there was no difference in the am-
plitude of P2 under medium and small ranges (F; ;5
=3.12, p>0.05), which was larger than that un-
der large ranges. The appearance of posterior P1 was
similar to that of anterior P2, that is, there was no
difference in the amplitude of posterior P1 under
=4.03, p>0.05),

which was larger than that under large ranges. How-

medium and small ranges (F 5

ever, the appearance of posterior N1 was similar to
that of anterior N1, that is, there was no difference
in the amplitude of anterior N1 under large and small
ranges, which was larger than that under medium

ranges (Fig. 3).

F1

— /b -3uv
— oL100ms

Fig. 3. General average of ERP obtained by the region cues.

2.4 Comparisons between ERP components evoked
by Chinese character cues and region cues

Anterior N1 and P2 components: There were
significant cue type main effects in the anterior N1
and P2 components evoked by target stimuli under
the two kinds of cues (N1: F; s =15.23, p <
0.001; P2: F; ;5=9.83, »< 0.01), and the inter-
actions between cue types and cue scales were signifi-
cant (N1: F, 4 =8.16, p < 0.01; P2: F, 4 =
8.11, »p< 0.01). As for the cue types and the fea-
tures of ERP changes of different scales, the target
stimuli under region cues could evoke larger N1 com-
ponents, especially at Fz; however, the target stimuli

under Chinese character cues could evoke larger P2
components.

Posterior P1 and N1 components: There were
significant cue type main effects (F; s=11.43, p<
0.01; F, ;5=10.79, »<0.01), and the interac-
tions between cue types and cue scales were signifi-
cant(Pl: F, 3, =9.33, p<0.01; Nl1: F,; =
10.03, »<0.01). As for the cue types and the fea-
tures of ERP changes of different scales, the target
stimuli under Chinese character cues could evoke larg-
er posterior P1 components; however, the target
stimuli under region cues could evoke larger posterior
N1 components (Fig. 4). The topography of ERP
components evoked by target stimuli under two kinds
of cues is shown in Fig. 5.

Small Medium

—— Chinese Character —3 HVL
....... Region 100 ms

Fig. 4.

nese character cues and region cues.

Comparisons between ERP components evoked by Chi-

Small Medium Large YR? “”
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Fig. S.
character cues and region cues.

The topography of ERP components evoked by Chinese

3 Discussion

In this experiment, the attentive range scales
were strictly paralleled under two kinds of cues, so
that the comparison of brain mechanisms involved in
Chinese character cues and region cues could be easily
the interferences

carried out. In the experiment,
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were outside the cue ranges (in the medium and large
circles) under small cues, which could be regarded as
“exterior interferences”; under large cues, the inter-
ferences were within the cue ranges (in the medium
and small circles), which could be regarded as “inte-
rior interferences”, as to medium cues, there were
two kinds of interferences.

There were significant cue range scale effects un-
der region cues and Chinese character cues, that is,
with the increase of cue ranges, the response time be-
came longer, which means that interior interferences
could make target stimuli recognition slower than ex-
terior interferences, and this is similar to the findings
under Chinese character cues. In the pervious study
about peripheral cues and central cues, processing ad-
vantages appeared in short intervals, while advan-
tages became weaker or disappeared in long inter-

3] The response time of Chinese character cues

vals
was significantly longer than that in range cues which
demonstrated that range cues could increase the speed
of target stimuli cognition or visual scan. Under small
cues, such advantages were even more obvious,
which meant that the advantages of region cues were
affected by the features of interferences (interior in-
terferences or exterior interferences), that is, with
exterior interferences, the target stimuli recognition
under region cues is much quicker than that under

Chinese character cues.

The ERP f{indings of the experiment indicated
that, under both kinds of cues, there were significant
scale effects, but their appearance was different. As
to posterior P1, the difference mainly lied in medium
region cues, that is, compared with Chinese character
cues, region cues narrow the difference between
medium ranges and small ranges while enlarge the
difference between medium ranges and large ranges;
as to anterior N1, region cues narrow the difference
between large ranges and small ranges whereas wide
the difference between medium ranges and large
ranges. These findings indicate that region cues and
Chinese character cues might have different early pro-
cessing mechanisms. Meanwhile, there was no differ-
ence in anterior N1 under large ranges and small
ranges, illustrating that under region cues, the re-
sources mobilized by anterior frontal areas at the early
perception processing with exterior and interior inter-
ferences were similar; however, under Chinese char-
acter cues, there were differences in the consume of

psychological resources.

Apart from the differences in scale effects dis-
cussed above, the comparison was made between the
ERP features under region cues and Chinese character
cues, and the findings were very constructive, which
further detail the difference in the two mechanisms.

At first, compared with region cues, the target
stimuli under Chinese character cues could lead to the
increase of posterior P1 and inhibition of N1.

After the processing of cue stimuli, the subjects
needed to match the target stimuli range and the cue
range. Because the interval between cue and target
stimuli was very short, the processing of Chinese
characters was not as good as that under region cues,
and this could encourage the further processing of
meaning, that is, more resources were needed than
region cues, which was reflected by the increase of
P1. Posterior N1 might reflect the distribution mech-

(6=14] ~ Under Chinese character

anism of attention
cues, fewer resources were allocated to target stimuli
recognition, so N1 decreased. Moreover, there were
obvious differences in anterior N1 and P2, that is,
N1 amplitudes evoked by target stimuli under Chinese
character cues were smaller than that under region
cues; as for P2, it was the other way round. To some
degrees, the anterior N1 reflected the processing of
anterior {rontal areas in perception[15’16]. Therefore,
as a kind of interior cues, interior attentive system
was excited with Chinese character cues. At the early
stage of perception, very few neurons were activated,
and the use of anterior frontal area resources was not
enough. It was found in previous studies that com-
pared with central cues, region cues could evoke
quicker behavioral reactions and attract more atten-
tion, and were not so easy to be influenced by inter-
ferences. This is consistent with our findings.

It should also be noted that the difference be-
tween region cues and Chinese character cues is af-
fected by attentive ranges, that is, it is affected by
interference types, which is mainly reflected in ante-
rior N1 and P2. Under small region cues (exterior in-
terferences), no significant difference is found be-
tween region cues and Chinese character cues; how-
ever, it is not the case under large region cues (interi-
or interferences). Considering the difference between
exterior interferences and interior interferences, we
conclude that, with increasing of difficulty in target
recognition, there is obvious difference in consump-
tion of the anterior frontal cortex resources by target
stimuli under the two kinds of cues.
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